Sol-gel derived bioactive borate glasses (SG-BGs) rapidly convert to hydroxycarbonated apatite (HCA) in simulated body fluid (SBF), in vitro. While previous studies have examined the influence of processing and composition on bioactivity, the effect of the in vitro dissolution media has not been well examined for these glasses. In this study, the mineral conversion of a SGBG substituted 45S5 Bioglass formulation ("B46", (46.1)B 2 O 3 -(26.9)CaO-(24.4)Na 2 O-(2.6)P 2 O 5 , mol%), was examined in six different dissolution media: SBF, tris(hydroxymethyl)aminomethane (TRIS, pH 7.4) buffer, Dulbecco's phosphate buffered saline (PBS, 1X), Dulbecco's Modified Eagle Medium (DMEM, 1X), 0.9% Saline (SAL), and deionized water (DIW) at 1.5 mg/mL for 10 min, 2h, and 1d. All media underwent a rapid increase in pH as a result of glass dissolution and ion release. B46 in SBF, TRIS, and PBS converted to HCA while B46 in DMEM, SAL, and DIW converted to calcite according to attenuated total reflectance-Fourier-transform infrared spectroscopy, X-ray diffraction, and scanning electron microscopy. The ratio of B46 to SBF was also examined at 3, 6, 12, and 24 mg/mL for 1d. These results help elucidate the dissolution and mineral conversion of borate glasses and help provide insights into optimizing pre-conditioning treatments for both in vitro and in vivo analyses.
vivo [5] [6] [7] [8] [9] compared to silicate-based glasses attributable to their higher solubility. Their ability to rapidly release ions has also implicated their use in wound healing [10] [11] [12] [13] [14] . Depending on the type of tissue repair and chosen composition, borate glasses can also be modified to give controllable [15] and linear ion release profiles [16] [17] [18] . Furthermore, their textural properties can be enhanced by using the sol-gel processing method, which imparts high specific surface areas and porosities leading to greater reactivity and bioactivity [19] [20] [21] .
Much of the acellular in vitro bioactivity assessments of bioactive glasses have used simulated body fluid (SBF) [22] , or its iterations [23, 24] , despite some studies that argue whether it is actually a good indicator of potential in vivo success [25] [26] [27] . Though, for now, it can still be considered as the standard for testing the reactivity of bioactive glasses, in vitro [28] . However, SBF is not the only solution used to test bioactivity, as a variety of other solutions such as tris(hydroxymethyl)aminomethane (TRIS) buffer [29] [30] [31] [32] [33] [34] , phosphate buffer saline (PBS) [32, 33, 35, 36] , cell culture media [37] [38] [39] [40] [41] , and dilute potassium phosphate [42] , as well as a range of acidic and basic solutions [43, 44] have been used to examine the bioactivity of glasses and their composites for various applications [27] .
For borate-based bioactive glasses, SBF is commonly used for assessing their in vitro behavior; however, there are some studies that use dilute potassium phosphate (0.02 -0.25M K 2 HPO 4 ) [2, [45] [46] [47] [48] or sodium phosphate (0.025M Na 2 HPO 4 ) solutions [49, 50] . The rationale behind using these solutions is that they make the calcium content in the glass composition the limiting factor for apatite mineral formation as well as simplifying and speeding up the reactivity of the glass [15] . However, these solutions are not physiologically relevant and we have previously demonstrated that a 0.02M K 2 HPO 4 can give faster HCA conversion rates compared to SBF for borate-substituted Bioglass 45S5 melt-quench bioactive glass and therefore might give favorable bioactivity [19] . Yet, using a wide range of in vitro dissolution media, including those that can be considered as non-physiological, does offer advantages as it can give insight into the glass dissolution and ultimately bioactivity which may be useful in design- ing glasses for certain targeted tissue engineering applications such as hard versus soft tissue repair. The type of dissolution media is also of great importance in the preconditioning of bioactive glass in order to prevent excessive reactivity in cell culture studies [51] , especially with borate glasses [52] , and even for in vivo studies [53] . Therefore, the aim of this study was to examine the in vitro dissolution and bioactivity of a sol-gel-derived borate glass (SGBG) substituted 45S5 Bioglass formulation [(46.1)B 2 O 3 -(26.9)CaO-(24.4)Na 2 O-(2.6)P 2 O 5 ; mol%, termed "B46", in four buffered (SBF, TRIS, PBS, and Dulbecco's Modified Eagle Medium (DMEM)) and two nonbuffered (0.9 wt.% Saline (SAL) and deionized water (DIW)) media for 10 min (0.2h), 2h, and 24h. Changes in the media pH and ion release (measured through Inductively coupled plasma-optical emission spectrometry) due to glass dissolution were examined as well as their conversion to mineral via X-ray diffraction, attenuated total reflectance-Fourier transform infrared spectroscopy, and scanning electron microscopy. Furthermore, to test the in vitro bioactivity (e.g. HCA conversion) limit of B46, the influence of glass to SBF ratio (mg/mL) was examined. (Table 1 ) was fabricated as previously described [19] . Briefly, boric acid (≥ 99.5%, Sigma Aldrich) and anhydrous ethanol were mixed in a watch glass-covered Teflon beaker, then magnetically stirred at 40 ± 3 ∘ C to aid dissolution. Once the solution became clear, triethyl phosphate (>99.8%, Fischer Scientific), calcium methoxyethoxide (20% in methoxyethanol, Gelest, USA) and sodium methoxide (25 wt.% in methanol, Fisher Scientific) were added in 0.5 h intervals. The sol was cast into polypropylene vials, sealed, and stored at 37 ∘ C for further gelation and ageing for 10 days. The gels were then removed from their containers and placed on crystallization dishes to dry in air at room temperature for 2 days, followed by oven drying at 120 ∘ C for a further 2 days. The gel was then calcined to 400 ∘ C at a rate of 3 ∘ C/min, with a 2 h dwell time, and then furnace cooled followed by sieving to a 25 -75 µm particle size fraction with desiccator storage until use.
Materials and methods

Sol-gel processing
Particle characterization
Using a Horiba LA-920 (ATS Scientific Inc., Canada) the average particle size (D AVG ) and median diameter (D 50 ) of the sieved glass powders were measured. The specific surface area (SSA) was measured with nitrogen gas adsorption and desorption isotherms collected with a Micromeritics TriStar 3000 (Micromeritics Instrument Corporation, USA) gas sorption system. SSA values were determined using the Brunauer-Emmett-Teller (BET) method [54] while the Barrett-Joyner-Halenda (BJH) method [55] , using the desorption isotherms, provided the average pore width and pore volume.
X-ray diffraction (XRD)
The as prepared glass as well as mineral formation after immersion in the media was examined by XRD using a Bruker D8 Discover X-ray diffractometer (Bruker AXSS Inc., USA) equipped with a CuKα (λ = 0.15406 nm) target set to a power level of 40 mV and 40 mA. Using an area detector, three frames were collected from 15 -75 two theta ( ∘ ) and merged in post processing. Phase identification was examined using X'Pert Highscore Plus (PANalytical, Netherlands).
Attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectroscopy
ATR-FTIR spectroscopy was carried out using a Nicolet iS10 (Thermo Scientific) between 4000 and 500 cm −1 with a resolution of 4 cm −1 using 32 scans per sample. All spectra were normalized to the total area surface area under absorption bands. 
Scanning electron microscopy (SEM)
Samples of the glass powders were mounted on metal stubs and sputter coated with Pt prior to SEM using a Leica Microsystems EM ACE600. The morphology was examined using a field-emission SEM (Quanta 450 FEG; FEI Corporation, USA) at 5kV.
Dissolution media
The in vitro mineralization of the glass was examined in six different dissolution media ( Table 2 ). Kokubo's SBF (pH 7.4) was made as previously described [22] . The TRIS solution was prepared as previously described, where 7.55 g of tris(hydroxymethyl)aminomethane (Sigma-Aldrich) was added to~400 mL DIW at 37 ∘ C under magnetic stirring [30] . Then 1M hydrochloric acid (HCL) was added until the pH reached 7.4. The solution was filled to the total volume of 1 L and the pH was verified again keeping the temperature at 37 ∘ C. The 0.9% saline solution (SAL) was prepared by adding 9 g of sodium chloride (>99.5% Fisher Scientific) to~400 mL DIW at 37 ∘ C under magnetic stirring. Then, the solution was filled to the total volume of 1 L using DIW. DIW was obtained from a Barnstead Water Purification System (18. 
Bioactivity
Glass powder (n=3) was added to sterile 50 mL falcon tubes containing the dissolution media at 37 ∘ C using 1.5 mg/mL ratio and stored at 37±1 ∘ C for 10 min (0.2h), 2h, and 24h. The vials were gently agitated during the first addition. At each time point the remaining glass was rinsed with deionized water then twice with anhydrous ethanol followed by drying in an oven at 60 ∘ C for 1d. The pH of the SBF solution was measured (n=3) at each time point using an Orion Star™ A211 pH meter (Thermo Scientific™). In an additional experiment using SBF, the glass powder was added at 3, 6, 12, and 24 mg/mL ratios for 1d.
Inductively coupled plasma-optical emission spectrometry (ICP-OES)
In each dissolution medium, the release of boron, calcium, and phosphorus ions from glass were quantified using an ICP-OES (Thermo Scientific iCAP 6500, USA). Aliquots (n=3) from the falcon tubes were filtered through a 0.2 µm nylon filter and stored in a 15 mL falcon tube to which 4% (w/v) nitric acid (Fisher Scientific, Canada) was added followed by dilution. Serial diluted standards of boron (0.5, 5, 50 ppm), calcium (0.2, 2, 20 ppm), and phosphorous (0.1, 1, 10ppm) were used. Table 1 shows the composition (mol%) as well as the mean (D AVG ) and median (D 50 ) particle size of the as prepared glass powders, which were 44.8 µm and 39.2 µm, respectively. The SSA (94 ± 3 m 2 /g) and pore volume (0.7 ± 0.2 cm 3 /g) were similar to our previously reported values for B46 [19, 21, 56] . Figure 1a shows the ATR-FITR spectrum of the B46 particles, which indicated three main regions that include: B-O stretching of BO 4 units (850 -1200 cm −1 ), (Figure 1c ), corresponding to the enhanced textural properties (Table 1 ) from the sol-gel process.
Results
Characterization of the as prepared B46
Bioactivity
ATR-FTIR spectra of B46 submersed in all dissolution media indicated mineral formation within 0.2h. For SBF, TRIS, and PBS, a strong band at~1020 cm −1 and a shoulder region at~961 cm −1 , indicated the bending modes ν1 of PO 3− 4 [64] (Figure 2a ). Also observed are the stretching modes ν1 and ν3 of CO 2− 3 at~1470 and~1421 cm −1 , respectively, along with a sharp peak at~870 cm −1 , indicating the bending mode ν2 of CO 2− 3 [65, 66] . The 870 cm −1 band is likely a combination of the B-O stretching of boroxoal rings found in the as prepared glasses as well as the bending mode ν2 of CO 2− 3 . The ν2 bending mode of water can also be seen by the broad band at~1640 cm −1 [67, 68] that was most visible in SBF. The peaks around 560 and 600 cm −1 , representative of P-O bending bands, do not suggest HA or HCA formation, but rather indicate the presence of orthophosphate lattices [28, 69] . Despite this, the longer submersion times suggest greater extent of HCA formation in these three media. ATR-FTIR spectra of B46 submersed in DMEM, SAL, and DIW showed peak formation consistent with calcite, as indicated by the asymmetric stretch (ν3)~1400 cm −1 and the out-of-plane bending (ν2) vibration at~875 cm −1 [70, 71] along with the ν4 CO 2− 3 in plane bending at~707 cm −1 . Also, observed is the large ν1 of PO 3− 4 at~1020 cm −1 and the P-O bending band at~560 cm −1 which were observed in the samples submersed in SBF, TRIS, and PBS.
In line with the ATR-FTIR data, XRD diffractographs indicated two different mineral formations, depending on the type of dissolution media (Figure 2b ). Characteristic HCA conversion was observed in SBF, TRIS, and PBS by the main peak at~25 and~32 ∘ 2θ ("•", JCPDS 19-272) within 2h which became more defined at 1d. The fairly broad apatite peaks suggest nanometer-sized or partially crystallized HCA [2] . On the other hand, samples submerged in DMEM, SAL, and DIW converted to calcite as seen by the characteristic peak at~29 ∘ 2θ (" ", JCPDS 5-586) which also began forming within 0.2h of submersion ( Figure 2b ). In these three samples, the peaks become more defined with longer submersion times. However, for samples submerged in SAL and DIW, the main HCA peak~32 ∘ 2θ also began to form by 1d suggesting a combination of HCA and calcite mineral formation. SEM images provided a visual representation of the mineral phases formed after 1d (Figure 3 ). B46 in SBF, TRIS, and PBS showed typical, flowerlike HCA crystals, while samples in DMEM, SAL, and DIW showed more geometric, rod-like crystals typical of calcite formation.
Ion release and pH
The pH change and ion release through B46 dissolution in each dissolution medium are presented in Figure 4 . The pH increased rapidly in all media within 0.2h, which then became stable (Figure 4a ). SBF and TRIS resulted in similar pH values along with the smallest overall increase (pH 7.8) similar to what has previously been observed in B46 in SBF [19] . DMEM underwent the next highest pH increase to~8.3 while PBS increased to~9.1. The non-buffered solutions; SAL and DIW, had the highest overall pH increase, 9.6 and~9.7, respectively, which are similar to previously reported values [21] . ICP-OES showed a rapid then fairly steady release of boron in each of the dissolution media ( Figure 4b ). Initially, B46 in SAL and DIW had the lowest boron release rate but ended up with the highest total release at 1d. Calcium release rates in TRIS and SBF were initially high and remained static until 1d while in SAL and DIW, it showed increasing release rates. DMEM was the only medium which showed a decreasing calcium release rate. In PBS, however, calcium release was very limited at all time points. Phosphorous release was initially rapid for SBF, TRIS, and DMEM then showed a slightly decreasing trend [19] (Figure 4d ). Phosphorous levels in SAL and DIW were low with a very small drop overtime. Due to the already high content of phosphorous in PBS, the trend is not shown. This decrease in phosphorous is a known indicator of HCA formation [28] , which has previously been observed to take place between 1d -3d immersion in DIW [19] and 6h -1d in SBF [21] for B46. Furthermore, the release rates of boron and calcium are similar to previous studies in DIW [19] and SBF [21] .
Effect of glass to SBF ratio
The B46 powder was submersed in SBF at 1.5, 3, 6, 12, and 24 mg/mL for 1d in SBF. With increasing glass to SBF ratio, the pH became higher and began to stabilize at around 9.1 at 24 mg/mL (Figure 5a ). ATR-FTIR spectra (Figure 5b) showed the characteristic aforementioned phosphate peak formation up to 6 mg/mL that became less defined, and similar to the calcined glass at 12 and 24 mg/mL. XRD patterns (Figure 5c ), indicated typical HCA peak formation at the ratios of 1.5 and 3 mg/mL, however, at 6 mg/mL calcite peaks began to form which became slightly less defined at 12 mg/mL. This is in slight contrast to the ATR-FTIR spectra which did not show calcite-like peaks at 6 or 12 mg/mL as observed in Figure 2a . Finally, no crystalline peaks were detected in the XRD of the highest investigated ratio of 24 mg/mL (Figure 5c ), and the sample remained amorphous, which supports the ATR-FTIR data.
Discussion
While the definition of bioactivity for glasses is continuously evolving, as they are being considered for non-mineralizing tissue engineering applications [72] , there remains a great need to better understand their dissolution and mineral conversion behaviour. The majority of these studies are performed on silica-based glasses in SBF, though this medium might not be the best bioactivity indicator for all glass systems. Therefore, to better understand the dissolution and bioactivity of a sol-gel derived bioactive borate glass composition (B46), six different dissolution media were investigated which converted the glass to HCA or calcite. Furthermore, to explore the limits of bioactivity, the effect of glass to SBF ratio on mineral conversion was also investigated. By using one glass composition, we can better decipher the effects of each media and concentration without influence from compositional or textural differences in the glass which are known to influence the dissolution and bioactivity behaviour.
Media that formed apatite -SBF, TRIS, and PBS
TRIS was first made by Gomori [73] and since it is stable over time and can be inert with other solution ingredients, it was proposed for biological research [74] . In fact, some of the first glass dissolution studies on 45S5 Bioglass were performed in TRIS buffer solutions, which were first referred to as either "simulated body conditions" or "simulated body fluids" [75] [76] [77] . Later, Kokubo developed SBF to evaluate apatite mineral formation for an A-W glassceramic, in vitro, which was not possible using TRIS [23] . SBF, which is currently commonly used to assess bioactivity in general [22] , was developed to simulate human blood plasma and is kept at a neutral pH using TRIS as a buffer. It has also been brought into question whether TRIS is the appropriate buffer to use in SBF since it has been shown to accelerate the dissolution of glass-ceramic scaffolds [78] . This has led to the use of other buffers such as HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) to create a revised-SBF (r-SBF) or modified-SBF (m-SBF) that have lower Cl − and higher HCO − 3 , respectively [79, 80] . However, TRIS, is still commonly used alone as a simplified medium to study dissolution [81] as it lacks the high amounts of Ca and P found in SBF (Table 2) , which can interfere with the ion release kinetics and making mineral formation more challenging [82] . Thus, changing the type of SBF [23, 24, 79, 80] , or TRIS [43, 81] will also influence the dissolution kinetics and mineralization. Nevertheless, despite ongoing debates [25] [26] [27] , SBF is still considered as the standard for the acellular bioactivity testing of bioactive glasses [28] as well as of other inorganic biomaterials (ISO:23317:2014 Implants for surgeryin vitro evaluation for apatite-forming ability of implant materials).
In this study, the pH values in both TRIS and SBF were similar along with the ion release kinetics. Mineralization was detected slightly earlier in SBF according to XRD, which is likely due to the presence of excess Ca and P ions in solution, but similar peaks were observed in ATR-FTIR. This is in contrast to a recent study, which showed that apatite formation is slower when melt-quench 45S5 is submersed in SBF compared to TRIS [83] . Our finding might be due to the higher solubility of B46 coupled with the enhanced textural properties which speed up apatite conversion. By 2h, glass in both media showed strong HCA formation via XRD as well as typical HCA crystals at 1d. These conversion rates are rapid compared to traditional melt-derived 45S5, S53P4, and 13-93 glasses where the consensus for the first indication of HCA formation for both XRD and FTIR were at 24h, 72h, and 168h, respectively [28] compared to 2h in this study. On the other hand, in a series of three-component silica sol-gel glasses, the first indication of HCA formation was observed within 5h for both SBF and TRIS according to FTIR (no XRD was performed) [84] .
It has recently been shown that there is complexation of boron by TRIS in borosilicate glasses which increased the rates of dissolution [85] . In this study, we did not observe a significant difference in boron release rates, which may be due to the greater SSA and porosity of B46 making the ion release rapid for all elements within the glass. However, calcium release was similar in both SBF and TRIS, despite TRIS not having Ca 2+ ions. It was previously shown that, TRIS can accelerate scaffold degradation causing the Ca 2+ concentration to be nearly twice the original value in SBF during the first 8h of immersion [78] . Here, Ca 2+ amount in ICP-OES was nearly double that compared to DIW at the 2h and 24h time points. This might further show that the complexing of borate with TRIS greatly increases the glass solubility allowing for all the Ca 2+ ions to be released [85] , although further studies are needed to confirm this.
Similar to TRIS, PBS is another simple buffer solution that has been used to examine glass bioactivity. For example, it was previously shown that, when compared to SBF and TRIS, PBS led to faster apatite conversion of 45S5, S53P4, 1-98, and 13-93 bioactive glass compositions, which can be attributed due to its higher concentration of phosphorous ions [33] . However, the results of that study are difficult to interpret since they compare granules (45S5 and S53P4) and fibers (1-98 and 13-93) through SEM-EDXA and ion release, not XRD and FITR. In our study, a HCA layer was observed in PBS at a similar time to SBF which were both slightly faster than TRIS, according to XRD. It was also hypothesized that this faster formation created a calcium-phosphate layer which further slowed the dissolution process [33] . Furthermore, it was noted that sodiumbuffered PBS has a lower buffering capacity since the release of alkali and alkaline earths result in higher pH values and thus, higher calcium-phosphate precipitation. This was observed in this study, as the pH increase in PBS was higher compared to those in SBF and TRIS. Furthermore, the release of calcium was significantly hindered compared to all other dissolution media. This confirms the aforementioned hypothesis that a rapid HCA layer was formed, which slowed the overall dissolution process. Despite the overall reduced calcium release, its initial release from the glass was apparently sufficient to induce rapid HCA formation. This observed effect is likely enhanced by the higher SSA and porosity of B46 allowing for faster dissolution and mineral conversion.
Media that formed calcite -DMEM, SAL, and DIW
DMEM is one of the most universally used media for cell and tissue culture and is supplied in either buffered or nonbuffered forms. It has also been proposed as an easier and more reproducible medium to test bioactivity [39] and is an obvious choice for pre-conditioning studies involving cells. In our study, calcite formation was observed within 10 min of submersion in DMEM. Previously, Theodorou et al. [38] observed amorphous apatite formation in some areas of 45S5 glass and crystalline carbonated apatite on sol-gel derived 58S glass within three days. It was speculated that the adsorption of proteins from the DMEM on the amorphous calcium-phosphate layer inhibited apatite formation. Alpha-MEM has previously shown to reduce min-eral formation compared to SBF in melt-quench 45S5 and sol-gel derived 58S glasses since the serum delays the glass surface reactions [86] . This inhibition was also apparent in this study. Furthermore, the pH in DMEM (~8.3) was lower than that of PBS (~9.1), yet calcite formation was still preferred over HCA according to ATR-FTIR, XRD, and SEM. This might be due to the higher calcium and carbonate content of DMEM, which would favor calcite formation [87] . Calcium release in DMEM decreased the most compared to the other media, which may suggest re-precipitation as was also observed in the case of phosphorus release.
Recently, a DMEM/fetal bovine serum FBS solution was used to examine the dissolution of high borate containing, ternary glasses, though the glass conversion was not reported [88] . A non-buffered and modified buffered DMEM was also tested on 45S5 glass-ceramic scaffolds, where it was shown to initially form calcite, amorphous calcium phosphate as well as halite [40] . Although the study did not examine a particulate form, the authors suggested that the non-buffered modified-DMEM solution is not ideal for monitoring bioactivity since there is no development of an apatite phase. In another study on bioactive glass coatings, it was stated that "DMEM-like media supplemented with proteins under correct homeostatic conditions are more appropriate and truthful assays to assess in vitro biomineralization capacity" compared to SBF [41] . The authors suggested that the SBF is already supersaturated with apatite components [25] and that biomineralization is obligatory due to the rapid pH increase.
Although SAL is not physiological, it is still commonly used in medicine [89] . SAL has also not been as widely explored as an in vitro dissolution medium even though it, along with the patients' blood, are deemed suitable for mixing commercially available bioactive glasses such as 45S5 Bioglass and S53P4 BonAlive before human implantation. These glasses are melt-quench silicates and therefore react slower compared to B46 especially in the brief mixing step before implantation. This might also be why DIW has been rarely studied as a dissolution medium for bioactive glasses even though water can be used in combination with the patient's own saliva, to help stimulate glasses for dental use. However, since the SSA and porosity of sol-gel glasses is significantly increased, the reaction during this preconditioning step will become more important. A study examining a silicate-based glass-ceramic scaffold in DIW showed that the initial crystal phases remained unchanged according to XRD and SEM after the dissolution period [78] . Furthermore, other studies that have focused on the effect of DIW on the glass surface [90, 91] and interactions with water vapour have shown conversion of 45S5 glass to various mineral phases including NaP, CaP, CaSiO 4 , Ca 10 Na(PO 4 ) 7 , and NaCaPO 4 [92] . For borate glasses, although previous studies have analyzed the dissolution of ternary and quaternary compositions in DIW, their resultant conversion to mineral was not examined [93, 94] . We are unaware of any study that has used XRD to examine bioactive glass-mineral conversion in SAL or DIW.
In this study, submersion of B46 in SAL and DIW resulted in the highest increase in pH and converted to calcite within 10 min according to ATR-FTIR and XRD as well as showing typical calcite crystals in SEM images. XRD also showed the formation of the primary HCA peak for SAL and DIW at 1d suggesting that two phases were forming which has been previously observed in silica sol-gel glass in SBF [95] and fluorinated melt-quench glasses in DMEM [96] .
Other studies involving calcite have shown the formation of a weaker band around 1082 cm −1 [71, 97, 98] that are typically seen in Argonite and Valerite [71] , but these were not observed here. Instead the area is dominated by the large ν1 of PO 3− 4 at~1020 cm −1 [64] , which was seen in the samples submersed in SBF, TRIS, and PBS. Similarly, the P-O bending bands at~560 and~600 cm −1 , indicating an orthophosphate lattice [28, 69] are also present. The rapid pH increase and calcite conversion via ATR-FTIR was previously observed with 45S5 Bioglass in DIW after 2d [81] . It can be speculated that this is likely due to the fact that both SAL and DIW are not buffered, allowing for the faster formation of Ca-containing salts which are less soluble at higher pH. Furthermore, there is also an abundance of atmospheric CO 2 which are introduced into the solution [81, 99] .
Although not as common as other ceramics, calcite is a known bone graft substitute that bonds to bone without the formation of a surface apatite layer [100, 101] as can be observed with other bioactive ceramics and glasses [102] . In fact, calcite formation might be favorable as calcite scaffolds can promote better bone marrow induced osteogenesis when compared to hydroxyapatite scaffolds [103] . Furthermore, calcite has been shown to induce faster osteoclast remodeling in vitro when compared to synthetic and natural hydroxyapatite [104] as well as tricalcium phosphate [105] . Despite its relevance, calcite is often "ignored" during bioactivity assessments [87] . Perhaps this is because bioactive glasses often convert to HCA, especially in vitro. As stated above, one of the key reasons for developing SBF was to observe apatite formation which is also a key requirement for the ISO standard (23317). However, previous studies have also shown that, silicate bioactive glasses [106, 107] as well as nano 45S5 glass [108] can convert to calcite in SBF. Indeed, particle size, choice of media, and ratio will all influence calcite formation, which usually forms at the expense of HCA. For example, finer particle size fractions of 13-93B3 borate glass have demonstrated calcite formation [109] and borate glass fibers were shown to convert to calcite in vivo due to higher amounts of metal dopants in their compositions that inhibited calcium-phosphate formation [110] . Taken together, glass-calcite conversion should still be considered as an indicator of bioactivity and may even be preferred in some applications.
Effect of glass to SBF ratio
The current ISO standard (23317) for testing bioactive materials is aimed for solid, monolithic materials at a fixed surface area to volume ratio and not ideally designed for bioactive glass particles. The recently modified ISO standard takes this into consideration and suggests using 75 mg of glass powder (45 -90 µm) for 50 mL of SBF (i.e., 1.5 mg/mL) regardless of the SSA of the material [28] . Previous work on melt-quench 45S5 glass powder showed that, calcite formed at higher concentrations (15 mg/mL) as detected by XRD [106] . The authors proposed that calcite formed at the expense of HCA since the ratio of Ca/P ions increased with increasing glass concentration which also increased the pH of the solution favoring calcite formation. The concentration where HCA formation became inhibited for melt-derived 45S5 was found to be at 2 mg/mL [106] . However, in the same study it was shown that sol-gel 58S glass did not convert to calcite, where HCA was formed at a range of concentrations (1 -15 mg/mL) with a much smaller HCA reduction compared to the 45S5 glass due to its mesoporous texture [106] .
In this study, the pH of SBF increased with increasing glass content, which is likely due to the large number of ions being released during dissolution. Interestingly, and according to XRD, a ratio of up to 3 mg/mL led to HCA formation, while the range from 6 to 12 mg/mL formed calcite, and no mineralization was observed at 24 mg/mL. However, typical phosphate peaks were only observed in the ATR-FTIR spectra of 1.5, 3, and 6 mg/mL and there was no indication of calcite peaks. In this study, the dissolution environment was mainly static as the vials were only agitated twice during the 1d test period. If the glasses were under constant stirring, it can be speculated that the conversion would be even more rapid and occur at a greater extent. This might explain why the ATR-FTIR, which is a surface analysis technique, does not decipher between the typical phosphate peaks related to HCA and calcite formation.
While most studies on dissolution media have focused on melt-derived, silicate glasses, the effects are enhanced when dealing with highly reactive SGBGs, suggesting that dissolution media selection is much more critical, especially for pre-conditioning treatments. Although not examined in this study, it is also anticipated that changing the particle size range of B46 will influence ion release and conversion rates of these glasses. Since many in vivo studies typically use higher particle size fractions, it is anticipated that SGBGs will react more slowly in vivo which has been observed in other silicate [28, 86] and meltquench borate [109] glasses. As B46 has also been added to a degradable polymeric scaffold [111] , it would useful to examine the autocatalytic affects of acidic environments as the polymer degrades [44] or simulates a bacterial infection [112] . For instance, 45S5 Bioglass submersed in lower pH (pH =4) solutions was shown to have faster ion release, but comparable apatite formation compared to neutral, pH = 7.4 solutions [43] . However, when the solution pH was increased, limited apatite formation was observed due to the lower ion release rate [43] . While H 3 BO 3 solutions at different pH values have been examined [113] , there is still a need to analyse how glasses react and convert at these different values.
It is abundantly clear that the type of dissolution medium plays a significant role in dictating the conversion of B46, in vitro. We found that SBF, TRIS, and PBS convert the glass to HCA while DMEM, SAL, and DIW favor calcite formation. The high SSA and porosity values of B46 allow for rapid conversion to mineral, but the quantities and types of ions released do not necessarily dictate what mineral is formed as was seen with PBS and DMEM. Furthermore, even at a higher glass to media ratio, bioactivity is still observed in SBF. It is also anticipated that using a dynamic in vitro environment and changing the particle size will affect the rates and possibly types of mineral conversion of SGBGs. Regardless, this study emphasizes the importance of media selection in the pre-conditioning and testing of sol-gel derived bioactive borate glasses.
While it is important to recognize the effect of different dissolution media, we think the recent round robin study examining glass particles in SBF [28] gives best and most robust guide for evaluating in vitro bioactivity. This is despite of the fact that SBF has been called into question [25] [26] [27] and that bioactive glasses are being used specifically for soft tissue repair [72] where mineralization may not always be desirable [14] . In particular, their guidelines of initial glass characterization (i.e., particle size, surface area, and XRD) and evaluation of the altered glass using quantifiable techniques (i.e., FTIR, XRD, and ICP-AES/OES/MS) greatly help interpret results from multiple studies regard-less of the dissolution medium used. Although not discussed in this paper, these parameters should also hold true for dental applications since there are many different formulations of artificial saliva used in vitro [114] [115] [116] [117] . For non-mineralizing applications, such as wound healing, ion release measurements become more critical as the released ions help stimulate the body's natural repair mechanisms. For in vitro testing in these scenarios, it might be beneficial to use both a simple (e.g. TRIS or DIW) and inorganic ion-containing medium (e.g. SBF or DMEM) to help develop a more robust assessment of the ion release kinetics.
